Abstract. In this paper, the microstructure, phase structure, hardness and micro-hardness of Co 37+x Ni 34-x Al 29 (x=0,1,2,3) alloys studied by optical micrograph, X-ray diffraction, hardness test and compressive test. The results show that the β phase and γ phase coexist within Co 37+x Ni 34-x Al 29 (x=0,1,2,3) alloys. The γ phase at the grain boundary became coarse with Co content increasing. Meanwhile, the grain size of alloy decreases with Co content increasing. The hardness of Co-Ni-Al alloy decrease first and then increase with Co content rising. The micro-hardness of γ and β phase in Co 38 Ni 33 Al 29 alloy is 454 HV and 713 HV, respectively.
Introduction
As new kind of intelligent materials, magnetic shape memory alloy, which drive deformation by external magnetic field [1] [2] [3] [4] , have attracted a great deal of attention in aerospace, medical, machinery, power and other industrial application due to their numerous advantages, such as large magnetic field induced strain, high frequency and excellent magnetic properties [5] [6] [7] .
Compared other magnetic shape memory alloy system [8, 9] , Co-Ni-Al series alloy has excellent mechanical properties and large magnetic field induced strain [10] . In the ternary phase diagram of Co-Ni-Al, the equilibrium phase is consist by β phase and γ phase. Thereinto, the β phase can be transform into twin martensite undergo martensitic phase transition when temperature cool down below martensitic phase transformation point [11, 12] . The γ phase, which has excellent ductility, exist at the grain boundary can be greatly improved the brittleness of alloy [13, 14] .
It is because of the performance of alloy was limited by the microstructure and the microstructure can be controlled by elements composition. So, the microstructure and mechanical properties of Co 37+x Ni 34-x Al 29 (x=0, 1, 2, 3) alloys with different element composition can be investigated in this paper.
Experimental
The samples with notional composition (samples composition were listed in Table 1 ) of Co 37+x Ni 34-x Al 29 (x=0, 1, 2, 3) alloys were melted by arc-melting using high purity element Co (>99.99%), Ni (>99.99%) and Al (>99.99%) under pure argon atmosphere. Each sample were melted four times and then annealed at 1200℃ to ensure homogeneity. The microstructure were examined by metallurgical microscope and scanning electron microscopy (SEM, Carl·Zeiss·Merlin·Compact). X-ray diffraction (XRD, Ultima-IV) test were performed in the Philips PW170 using CuKα radiation.
The hardness was test by Rockwell hardness tester. The micro-hardness of sample was measured by micro-hardness tester (MH, FM-700) with the load of 20 N. One can see that the Bragg peaks of XRD analysis in Co37 is identified as β (B2 structure) and γ (A1 structure) phases. With Co content rising (as shows in the samples Co38, Co39 and Co40), the peaks strength of β phases become more and more weaker, meanwhile, the peaks strenth of γ phases keeped increasing trend and appeared more sharp (like the peak at 44.6°) as Co content rising in the samples. The XRD results suggesting that the samples of Co 37+x Ni 34-x Al 29 (x=0, 1, 2, 3) appeared β + γ dual-phases structure. When the element Co displace Ni in samples, the volume fractions of β phase gradually decrease. Instead, more γ phases precipitated in the sample. The microstrcture of Co 37+x Ni 34-x Al 29 (x=0,1,2,3) alloys are shwon in Fig.2 . It can be seen that all the samples (including sample Co37, Co38, Co39 and Co40) appeard typical β + γ dual-phase structure. The light-colored matrix phase is the β phase and the dark-colored second phase is the γ phase. The γ phase, whcih is a kind of dendrite morphology, distributed at the grian boundary and also a small amount of discrete morphology γ phase discreted in the intracrystalline. With the element Co displace Ni in samples, the discrete morphology γ phase disappeared gradually in the intracrystalline, at the same time , the dendrite morphology, which distributed at the grain boundary, grows coarse and connected to each other. In addition, the grain size of sample had a decreasing trends with element Co displace Ni.
The change of microstructure in Co 37+x Ni 34-x Al 29 (x=0, 1, 2, 3) alloys can be attributed to the composition changes. When the element Co displace Ni, more Co-rich γ phase precipitated at the grain boundary and grows into a kind of coarse dendritic morphology. Furthermore, the coarse dendritic morphology γ phase is connected to each other at grain boundary, which inhibits grain growing up further and results in grain refinement as seen in Fig.2 . 
Mechanical Properties
The results of hardness test of Co 37+x Ni 34-x Al 29 (x=0,1,2,3) alloys was shown in Fig.3 . As can be seen that Co 37+x Ni 34-x Al 29 (x=0,1,2,3) alloys has good hardness, i.e. the Rockwell hardness value of sample can reach more than 40 (Co37: 43.0; Co38:40.9; Co39: 44.0; Co40: 45.8). With the Co content rising in sample, the hardness value appeared decreasing first and then increasing. Generally, the reason for hardness changes in Co-Ni-Al alloy can be ascribed into two aspects: one is that the microstructure changes. In the microstructure analysis part, the Co-rich γ phase precipitated at the grain boundary and the volume fraction of γ phase increases with Co content rising, and results in the hardness of alloy decreases. Fig.4 shows the micro-hardness of Co 38 Ni 33 Al 29 alloy. Obviously, the hardness of β phase is 508 HV, which has higher hardness than γ phase (386 HV). Indicate that the γ phase is a kind of soft phase and more γ phase exist in the alloy can be decreases the hardness of alloy. Another one is the grain refinement with Co content rising, which can be enhanced the hardness of alloy.
In this paper, the effect of γ phase volume fraction increases play a major role when the Co content rising early stage and results in the hardness of alloy appears decreases first. When more Co displace Ni in samples, an apparent grain refinement in the sample and the volume fraction of γ phase increasing slowly and results in the hardness of sample increasing. In this case, the hardness of sample decreases first and then increases. 
